Dwellings are occupied by people and it would seem reasonable to expect that the way they are designed and constructed protects people's health and wellbeing, and the effectiveness of this would be verified in practice. However, the construction sector is unusual in that is does not routinely evaluate the performance of its artefacts. Thus, when new forms of construction or technology are used, occupants are effectively the subjects of experiments, which raises ethical concerns. Building performance evaluation (BPE) is a critical tool that addresses this problem.
Introduction
For much of the history of architecture, innovation was a trial-and-error process. The pace of change was gradual and construction knowledge was based on craft and routine. Building design gradually 2 adapted to local environments and available materials. Due to limited resourcesand technologies, any evolution of practice could be based on trial and error. If they were found successful over time, then they became 'tried and tested'. Toward the second half of the 20th century, the needs of society became drivers for increasing innovation. However, trial-and-error approaches resulted in unintended consequences of well-intentioned interventions, such as increased problems of dampness and mould growth (Stewart, 2005) . Investigation of these led to the development of the concept of building performance evaluation (BPE) (Markus, 1972) as a mechanism to evaluate the actual in-use performance of a building, incorporating both forms of testing and evaluation of the building as constructed, along with post-occupancy evaluation of the building in use. Such studies began to identify performance gaps between expected and actual performance and impacts of design decisions. An overview of the development and focus of BPE is described by Tweed and Zapata-Lancaster (2017) , and the international context for this, and the implications of BPE for the professional, is set out by Preiser, Davis, Salama, and Hardy (2014) . This century, the legal and moral imperatives to reduce energy demand and CO2 emissions have led to substantial improvements in building regulations in the UK (DEFRA, 2006) and internationally (Casals, 2006; Laustsen, 2008) , with particular emphasis placed on housing as a major source of CO2 emissions.
This has led to significant changes in the way that buildings are constructed and how they perform, but more radical changes have been resisted. For example, although the mandated Code for Sustainable Homes in the UK (DCLC, 2007) led to some forms of innovation, pressure from the industry led to it being dropped, as have targets for zero-carbon homes (Walker, Karvonen, & Guy, 2016) . Internationally there has also been a slow adoption of other standards. In addition, Williams et al.(2016) have identified the gap between international energy standards and the actual delivery of low-energy homes.
The preferred model for the majority of housing would appear to be 'business as usual' as any variation represents an unquantified risk. Due to a longstanding reliance on the 'tried-andtested' model, the constructionindustry in general, and designers in particular, have no inherent 3 capacity or mechanisms to evaluate or adapt to innovation. The construction industry (particularly the housebuilders) have not embraced innovation in a systematic manner. Successive reviews have identified that construction spends little on research. In 1998, the Egan Report stated:
Companies do little systematic research on what the end-user actually wants, nor do they seek to raise customers' aspirations and educate them to become more discerning [and …] it invests little in research and development [R&D] and in capital. In-house R & D has fallen by 80% since 1981. (Egan, 1998) Eighteen years later, the Farmer review of the UK construction labour markets (Farmer, 2016) highlighted that the construction industry spends less than 0.1% on R&D, and this situation would appear to be similar in other industrialized nations (Barlow, 2012; Hernández, 2013 ).
This in turn raises a question about the value of design activity as a predictor of performance, as opposed to a demonstration of compliance. In most industries the process of design requires a conceptualization that, particularlyfor artefacts used by the public, includes the need to prototype, test and evaluate the product. The knowledge generated by these processes is used to improve design knowledge and to inform increasing sophisticated modelling and analysis tools, e.g. the aerospace industry builds sophisticated computer models of aircraft designs which can be simulated in detail before prototyping and test flights (Stevens, Lewis, & Johnson,2015) . In most industries clear protocols exist before products are used by the public.This is not the case in buildings: whilst procedures may exist for testing individual components in buildings (e.g. British Board of Agrément, British Standards Institute, International Association for Testing Materials, National Association of Testing Authorities), evaluation of the complete building is rarely undertaken. As a result, very little is known about the effectiveness of contemporary building performance and consequently methods for predicting performance are not robust. For example, in UK housing the Standard Assessment Procedure (SAP) calculation is used to demonstrate compliance, and is often erroneously thought of as a predictor, whereas it is a comparative tool for limited aspects of energy use in the home (Kelly, 4 Crawford-Brown, & Pollitt, 2012) . What this means in practice is there is no routine modelling of how the building is expected to perform or work. What does this mean for design? The constraints of funding, procurement timescales and legislation are such that it may be said that contemporary architects are 'styling regulations'. The connections between design, construction and performance have also been undermined by changes in contractual arrangements such as design and build in which the contractor takes over design responsibility, and may novate architects to produce design information. Consequently, architects have found themselves moved from leaders of the construction process to subordinates. Given the policy drivers for changes in legislation, there is developing concern about the causes of performance gaps and how to address these practically. Whilst still far from mainstream, the concept of BPE has attracted increasing attention.
Given that most new buildings have some form of innovation due to changing standards (e.g. improved thermal performance, increased standards of airtightness), evolving technologies (e.g. low-carbon heating systems, renewables, mechanical ventilation with heat recovery -MVHR), and changes in construction practices and procurement (e.g. design and build, offsite construction), this introduces increasing uncertainty about outcomes, and this is one reason why the industry resists change. It is therefore vital to evaluate the actual performance outcomes against anticipated performance, to learn from failures and to build on successes. Some of this attention has been driven by government agencies concerned that their targets, such as progress toward carbon reduction, are being undermined (Zero Carbon Hub, 2014) , and client and design organizations increasingly concerned about their risks and liabilities of underperformance (Eaton, 2014; Loulakis & McLaughlin, 2014) .
Whilst issues of design and building performance tend to be predicated on the technical issues and risks, one aspect that is rarely considered are the ethical issues implicit in the production of housing. There are two broad issues. First, what are the implications and responsibilities of producing housing that is in some way an experiment? What are the ethical responsibilities of 5 built-environment professionals to those occupants who are effectively the subjects of these experiments? Second, whilst BPE presents a solution to this, what ethical challenges arise when BPE studies are undertaken? In this case occupants become participants in a study, and in many cases the subjects of the investigation. This paper considers the ethical issues that arise in the context of building performance and BPE studies. Up to now, this has mainly been the remit of research and academic organizations, but if such activity is to become mainstream and undertaken by construction professionals, in particular those with responsibilities for design, it needs to be based on robust ethical principles.
The study of ethics is vast, with a substantial history and literature (Fieser & Dowden, 2011) .
Contemporary philosophy divides theories into broad questions about where ethical principles are derived and their meaning (metaethics); the development and application of ethical principles to define standards that regulate conduct (normative ethics), and an exploration of the specific application of ethical principles to particular contexts (applied ethics). In the latter, some subject areas are well defined, such as medical ethics, which provide an approach to value sets for professionals. However, as discussed by Fox in a series of papers in Ethics and the Built Environment broad terms obligations to the public, a review of professional codes by Sadri (2017) , which included the AIA, Architects Council of Europe and International Union of Architects, identified that these are primarily directed toward protecting the profession and tend to ignore wider responsibilities. The main thrust of the codes tends to be toward maintaining professional standards and abiding with current legislation. As Till points out:
One of the most commonly made mistakes is to confuse professional propriety with an ethical position, as if acting in accordance with the codes of professional conduct will ensure ethical behaviour…. (Till, 2009) Some aspects of the professional codes that might impact on building performance are extremely vague, e.g. to be 'aware of the environmental impact of their work'. An absence of clear ethical standards in relation to building performance has been discussed previously. Hill et al. identified gaps between the ethical responsibilities and professional guidance of built environment professions (Hill, Lorenz, Dent, & Lützkendorf, 2013) . Hartenberger, Lorenz, and Lützkendorf (2013) pointed out that there is no equivalent to the medical concept of non-maleficence and they called for the development of an equivalent of the Hippocratic oath. In the specific context of performance gaps there have been other calls for the development of ethical standards described by Bordass and Leaman (2013) as a 'new professionalism'. One key recommendation of The Edge Commission's Report on the Future of Professionalism was for construction professions to develop standards for 'Ethics and the public interest, and a shared code of conduct' (Morrell, 2015) .
In areas where there is clear physical risk to occupants, it may be argued that building regulations are aimed at providing protection to occupants and that design that complies with legislation and the various standards that underpin these protects building occupants from harm.
Whilst in some areas this may appear to be quite explicit, e.g. fire protection or structural design, other issues which may have impacts on the occupants, such as energy consumption, thermal comfort and health, are rather less well defined. For example, UK building regulations for ventilation are predicated on moisture control rather than indoor air quality. A regulatory approach also takes a piecemeal approach, with some aspects of regulation confounding others. There are other shortcomings to a compliance-only approach. First, it is increasingly clear that compliance with building standards is inconsistent, perhaps most disastrously demonstrated by the Grenfell Tower fire in London, June 2017. The interim report from the inquiry by Dame Judith Hackett concluded:
it has become clear that the whole system of regulation, covering what is written down and the way in which it is enacted in practice, is not fit for purpose, leaving room for those who want to take shortcuts to do so. (Hackett, 2017) The second shortcoming is where the ethical responsibility lies when, whilst complying with regulations or standards, the building still results in performance gaps. These may give rise to secondary issues which are often referred to as unintended consequences -or to use a medical analogy, 'side-effects'. A current example of this include effects on indoor air quality arising from energy-reduction strategies such as air tightness without related improvements to ventilation provision (Sharpe, Farren, Howieson, Tuohy, &McQuillan, 2015) , or cases where no regulation is in place, e.g. source control of pollutants, or requirements for overheating.
A common response from architects is that the design complied with the regulations (or more accurately: the guidance to regulations), and that shortfalls occur in later stages during construction. Unfortunately, regulatory compliance is largely achieved at design stages, withless reliance on onsite testing. The changes in forms of contract (e.g. design and build) have further reduced the authority of architects over construction processes.
BPE is now included in the RIBA plan of work (RIBA, 2013b), but it has not been widely embraced (Stevenson, 2017) . Common objections are that it constitutes additional work not covered by the fee and/or there is no additional money to pay for such activity. There may be some 8 justification for this given that construction has evolved without any intrinsic mechanisms for research and evaluation, so the introduction of what appears to be a new service does represent an additional cost. In addition, the majority of architects now work in private practice with a great deal of competition. Concerns about effects on liability, indemnity and reputation of 'failure' (even though the failures might be due to others) leads to a tacit, but commonly held, view that BPE presents a threat ('what if we find out it doesn't work?'). As pointed out by Morrell (2015, p. 5) in the Edge report:
However, the standing and perceived value of the professions is being challenged, with detractors seeing in their conduct and practice a tendency towards protectionism, resistance to change, the reinforcement of silos and the preservation of hierarchies.
There is also a risk that the institutions lose control of the very things that are claimed to differentiate their members from those lacking a professional designation: quality control and oversight of educational standards; a transparent and enforced code of ethics; a defined duty to serve the public interest; the development and dissemination of a relevant body of knowledge; and a demonstration of leadership on some of the great issues that reach across the whole of the built environment.
If architectural design is to evolve, the development of knowledge, thorough evidence-based design, is a critical factor. Duffy (2008) identified the imperative for the design professions to better connect to research, and cited building-use studies as examples of this.
This provides a strong case for wider use of BPE. However, a further question arises: what ethical issues may arise when undertaking BPE? Whilst some aspects of BPE may clearly be physical tests of construction (e.g. air tightness or U-value testing), a systematic evaluation of a building in use inevitably involves the study of the behaviour and interactions of the occupants. Indeed, an understanding of the impacts of occupant interaction with the building and outcomes in terms of comfort, health and satisfaction are critical elements (Monahan& Gemmell, 2011) and methods to evaluate these continue to evolve (Lowe, Chiu, & Oreszczyn, 2017) . BPE studies may provide insight into two aspects of occupancy: first, the effects of occupant behaviour on building performance; and 9 second, the effects of building performance on occupants. The former examines how occupant behaviour and interaction changes energy use and environmental conditions (Delzendeh, Wu, Lee, & Zhou 2017) ; the latter examines what effects environmental conditions and satisfaction might have on building occupants (Mavrogianni, Davies, Wilkinson, & Pathan, 2010; Wargocki, 2013) .
Given the role of building users in BPE studies, a number of ethical issues may arise, and these are outlined below. In a general sense and compared with other disciplines that undertake research, the risks to participants are not great. Nevertheless, a number of principles need to be observed when conducting research in order to protect the rights of participants.
Outline of the ethical principles
In the past few years, the number of BPE studies has increased. An important driver to this in the UK was the Innovate UK (formerly the Technology Strategy Board) BPE programme conducted between 2010 and 2015. This was an £8 million programme of support to enable designers and clients to undertake BPE studies of both domestic and non-domestic buildings. This conducted domestic studies across 53 projects and 350 dwellings and nondomestic studies on 48 projects and 56 buildings, on sites across the UK (Palmer, Terry, & Armitage, 2016; Seguro, 2015) . The author was one of a number of expert evaluators for the programme and was also directly involved in seven domestic and two non-domestic projects and has participated in a large number of other BPE studies and three knowledge-transfer partnerships with architects developing capacity in BPE. Whilst much of this work has been made available through published reports and available data (see buildingdataexchange.
org.uk), a great deal of tacit knowledge has been gathered through participation in these projects and discussion with contributors. In undertaking these projects and reviewing 10 outcomes, several ethical issues emerge, and the following is a discussion of key issues of relevance to construction industry participants.
The discussion below focuses on BPE studies undertaken in domestic projects, for the following reasons. First, the home environment is one where individuals are entitled to privacy and safety, but an evaluation will necessarily impinge on this. Second, the relatively small nature of domestic BPE projects means that engagements with individuals is necessary and differs from nondomestic environments in which the occupants will be much larger cohorts, e.g. office workers.
Third, user interactions in domestic environments can have much greater impacts on performance, and also problems of performance may have much greater impacts on individuals. Nevertheless, many of the ethical issues raised will be relevant to other building typologies.
Ethical policies
The first question is whether a BPE study is at all conditioned by ethical constraints. For studies undertaken by higher education institutes, ethical compliance is a fundamental prerequisite to the conduct of research. However, studies may be undertaken by a range of groups and organizations that may not have a mandatory ethical policy. Projects in the Innovate UK BPE programme were led by different types of organizations, including landlords, developers and design teams. Funding was conditional on following a method stipulated in the BPE, Domestic Buildings, Guidance for Project Execution (Technology Strategy Board, 2010) . Although this method contained technical guidance for the conduct of the research and the reporting mechanisms, an ethical policy was not mandatory.
Applicants were 'strongly advised to obtain the consent of individuals taking part in any surveys or interviews, especially if they could be identified and associated with specific results'.
This does suggest an incomplete regard for ethical issues that might arise through BPE studies, and given an argument for wider use of BPE, a greater understanding of such issues is needed. All universities now have ethical policies to govern the conduct of research. It is suggested these could provide a viable model for BPE studies. The wording of these varies between institutions but generally includes the following elements: non-maleficence; guidance on research conduct including honesty and integrity; lack of coercion; informed consent, including a right to withdraw; a requirement for confidentiality; equality and diversity; and data protection. A description of these key tenets along with a discussion of the aspects that may impact on BPE studies are presented below.
Non-maleficence
Generally referred to as 'do no harm', the term is more commonly associated with clinical activity in which participation in research could result in harm to occupants. It is generally accepted that the risks of this occurring in BPE studies are low, and that it is possible there may be beneficial effects for occupants, e.g. reduced energy consumption and improved comfort. Consequently, most ethical policies would adopt a 'light touch' assessment of applications which would gather information from occupants. This would perhaps assume that no highly sensitive data would be collected from participants, and that the object of the study is the performance of the building. These elements may need further explication and are discussed below.
Some aspects of harm may need to be considered. For example, could monitoring that revealed particular patterns of behaviour, such as overcrowding (Scottish Government, 2015) or lack of room use (the 'bedroom tax') (Robson, 2015) , be used to disadvantage occupants?
Could monitored data be used to identify patterns of lifestyle or occupancy that could be exploited?
Would showing when houses are empty present a security risk?
For these reasons, the nature of these data, how they will be collected, stored and used, who will have access to them, and what their responsibilities are need to be clearly identified at study design stages. Some of the issues will be addressed through other aspects of ethical policies, e.g. data protection and anonymization (discussed below), but the study design should consider wider implications of data use at early stages, in particular by project participants with other contractual relationships with occupants, such as landlords.
Research conduct and integrity
Ethical policies for research conduct integrity cover several aspects. At a basic level they require that the research methodology is robust, honest and truthful. Whilst it may seem self-evident that a research study should aim to produce scientifically valid results, there can be situations where this is compromised. This includes the design of appropriate research methodologies for the domestic BPE studies, and there is increasing literature on this subject (Baborska-Narozny & Stevenson, 2014; Gupta & Kapsali, 2016; Sharpe, 2013) but there are particular challenges in undertaking BPE in domestic environments. Access may be restricted and remote data collection is challenging, which can lead to situations where insufficient or poor-quality data are collected. Data collection, particularly remote sensing, is a challenging and rapidly evolving field. Common problems experienced in the BPE programme included sensor failure, drift, contamination, lack of resolution on sub-metered data, and loss of data (failure of logging devices, service providers going out of business etc.) and poor practices in sensor placement. This also applies to data handling and interpretation. There was evidence of (often very well-intentioned) data 'cleaning', e.g. to remove outliers or spikes. Errors can also occur in data interpretation -in one project it was discovered that data being made available on an online portal were being incorrectly calibrated. Some research that has attempted to use publicly available data from the BPE programme in meta-studies has identified limitations in the quantity and quality of recorded information (Sharpe, Mawditt, Gupta, McGill, & Gregg, 2016) .
Other aspects of BPE processes also need care in the interpretation of results. Two examples from the BPE programme include co-heating tests (Jack, Loveday, Allinson, & Lomas, 2018) and thermography (Balaras& Argiriou, 2002) . In the case of co-heating tests, a subsequent analysis of the 13 data indicated that the results were largely dependent on the method of analysis used (Butler & Dengel, 2013) . With thermography, the cost of these devices has dropped rapidly in recent years, with much wider availability and, consequently, more widespread use by untrained personnel. It is therefore important that accepted standards for research conduct are adopted by BPE projects.
Good study design can anticipate likely issues in relation to methods and equipment and be cognizant of the limitations of the data obtained through fieldwork. A more difficult area concerns the end use, interpretation and communication of the data. In the BPE programme it was apparent that some study participants, primarily developers and contractors, but in some cases landlords and designers, were uncomfortable with the findings of the studies, which revealed poor performance, possibly over concerns about possible risks of litigation. As a consequence, some studies were redacted in some areas and in other cases not published at all. Although reporting of data was a condition of funding, it is clear that some studies have not made full disclosure of information. This is an important and challenging for BPE, especially if it going to be more widely adopted. Concerns over the risks and liabilities that may be revealed by BPE studies are often major barriers to the adoption of BPE. Designers are concerned about professional liability and reputational risk; contractors and developers are concerned about the costs incurred in rectifying issues; and client organizations are concerned about costs of remedial measures and complaints by tenants. In discussions with potential clients for BPE, some of these issues are frequently raised. In one case, a major housing association was apprehensive that use of BPE (which might reveal construction problems) would inflate tender prices as contractors would have to 'get it right'. The difficult choice was whether it was better for studies to proceed with limited dissemination than not to take place at all. Feedback loops into the practice are important, but if BPE is to be effective, at a minimum wider reporting is needed and an aspiration may be for peerreviewed publication, which is the norm in other professions such as medicine and law and forms the basis for new knowledge in the discipline. A failure to identify and report performance leads to the replication of poor practice. If not identified and disseminated at an early stage, this can contribute to widespread failure. An example of this is the adoption of mechanical ventilation with heat recovery (MVHR) systems. Whilst this technology can provide good levels of ventilation at the same time as reducing energy loss, various studies have identified problems with performance (Balvers et al., 2012; Lowe & Johnstone, 1997) , but a failure to communicate or act on this has led to many thousands suboptimal systems being installed (Sharpe &Charles, 2015) .
From the perspective of an ethical approach to the design of BPE studies, ownership, use and reporting should be clear from the outset, but some difficult issues will remain. A key issue is who the study is for, who instructs it and who owns the content. Studies are rarely commissioned by the building occupant (with the possible exception of single home owners in dispute with a builder or architect) and are more normally a third party organization. The question is therefore who owns the data, and what will they do with it? For example, an architect had been commissioned by a developer to undertake a study of a house after complaints by the occupant. The study found numerous incidences of poor workmanship, but the client only wanted the report to identify incidences of regulatory non-compliance. The lack of an ethical policy and agreement places the architect in a difficult position -the study is undertaken on behalf of the occupant and with their consent and participation (in terms of access), but the contractual obligation is to deliver the information that was commissioned.
A further ethical issue also arises in terms of those responsible for delivering the project undertaking BPE on their own work. The dilemma is whether designers can be both the subject and the researcher -can they be sufficiently objective and what measures may be needed to reduce reporting bias and ensure accurate dissemination? It may be argued that evaluating their own work is a conflict of interest for architects, which in a competitive environment may lead to problems being under-reported or misrepresented. It also applies to forms of development where there is little or no architect involvement such as the majority of housing produced by volume housebuilders.
There is therefore an argument that a more robust model would be for BPE to be undertaken by independent researchers, who may be able to adopt greater rigour and to share data more consistently. However, a counter argument is that if properly conducted studies are undertaken, there are clear benefits for designers to see at first hand the impacts of these, and this provides a direct loop back into design. There are also advantages to both occupants and clients if the BPE processes enable defects to be identified and rectified, ideally within a defects liability period. Furthermore, the architectural profession has lost too many areas of expertise to other disciplines and this has led, in part at least, to the fragmentation of the design process, and perhaps the marginalization of architects (Raisbeck & Day, 2016) . Given that BPE is now part of the RIBA plan of work, the adoption of a requirement for an ethical policy for BPE would protect the intent as BPE becomes mainstream.
The object of the study is also important. For BPE studies, ostensibly the focus is on the performance of the building, and clearly some aspects of BPE will undertake physical testing of the building itself. However, it is quite clear that the performance of the building is predicated on the 'performance' of the occupants and it is very difficult to disaggregate users from performance (Janda, 2011) . Measured data on environmental conditions can describe 'what'. Building a picture of occupants' interactions can help to explain 'why' and developing an understanding of occupants' engagement with and use of a building is critical to developing a full understanding of performance (Gill, Tierney, Pegg, & Allan, 2010) . However, it is also clear that the occupants are being assessede.g. in the Gill study, occupants are described as 'frugal' or 'profligate'. Some care is needed here both from the perspective of the participants and also the focus of investigation -e.g. some studies describe 'misuse' of heating systems, when the reality is that control interfaces are difficult to understand and use (Stevenson, Carmona-Andreu, & Hancock, 2013) . This is an important distinction, particularly from the perspective of the occupants, who may not be wholly aware of the focus on their activities and the reporting of this, and this would need to inform the basis of informed consent. For some people with busy lives, families and other pressures, energy saving is 16 not their principal focus. A robust method and clear reporting are needed to identify wider responsibilities, e.g. for the production of buildings which are difficult to use, or for which no user guidance is provided.
The number of buildings in the study will also affect the study design and the ethical implications. For bigger studies that evaluate broad data from a larger number of homes, better statistical power is generated, but at the cost of detailed analysis of the home context. As numbers decrease, so does the ability to produced statistically relevant data, but this may be balanced by more detailed information about the building, e.g. as a mixed-methods case study (Johnson, Onwuegbuzie, & Turner, 2007) which enables a detailed examination of the building (and its occupants) as well as its related contextual conditions. In this case, it is clear that detailed information will be gathered from the building in question, and also anonymization will not be possible.
Coercion
A further ethical dimension is that of coercion. Put simply, potential participants must not be pressured to participate in a study. The use of incentives is generally accepted -these commonly include payment of expenses (to cover, for example, additional electricity used by equipment), or small payments or tokens (e.g. shopping vouchers) for participation in a study, proportionate with the task involved and therefore might vary depending on the length and complexity.
Issues that arise in domestic BPE include expectations from a landlord or employer of participation -occupants may feel that their tenancy or relationship with the landlord is under threat if they do not participate. This can be an element in the use of gatekeepers (third parties who, by virtue of their personal or work relationship to a respondent, can provide access to the respondent), e.g. a housing association. Use of gatekeepers is a very valuable tool to enable access to participants and can also provide reassurance to participants that the study is bona fide, but care is needed in communications to uphold other aspects of ethical policies such as informed consent and a right to withdraw.
A related dimension is the nature of the relationship between researchers and study participants. In small studies it is frequently the case that researchers can become well-known to occupants and this can provide greater access, sharing of information and valuable insights. It is not uncommon for researchers to be given a high degree of trust, e.g. being allowed into the house unaccompanied. However, care is needed to avoid entering quasi-relationships which may imply expectations, e.g. repairs, and may make withdrawal difficult for participants, or place a burden of responsibility on the researcher.
In a small number of properties, the monitoring equipment was installed before letting (where the building was tested as part of an earlier study) or occupancy (when tenancies changed during the period of the study). Due to the nature of the investment, some projects considered making participation a condition of tenancy. Whilst it may be argued that the participants did not have to agree to the tenancy, this would clearly disadvantage them and could therefore be seen as coercion.
Informed consent
Informed consent is the key principle of ethics in human research and is defined as consent by a participant in a research activity. The participant must be capable of consent and participation should be voluntary. Consent is reliant on appropriate information being given to the participant by the researcher on the nature of the activity undertaken including what information may be gathered, and what it will be used for. This final element is critical and requires that participants understand the purpose and nature of the study, what participation in the study requires, and what the outcomes might be. Furthermore, participants should have a right to withdraw their consent at any time without penalty. BPE studies will frequently involve the participation of children, e.g. family houses, or others with special needs such as the elderly or occupants with impaired mental capacity. There are wellestablished principles for third-party consent through the use of gatekeepers, such as parents or carers. More difficult issues include the nature and detail of the information provided and care is need to balance the need for clear understanding, against participant bias and also Hawthorne effects (Jones, 1992) . For example, would telling participants that a study was evaluating how frequently they opened their windows affect their window-opening habits? Sufficient information needs be provided to enable an informed decision to be made without affecting thearea of study.
Informed consent also requires that the nature of participation and its possible impacts is made clear. This can include, for example, the frequency of visits, who will be visiting, what equipment may be installed and what it does, and how long the visits and the study will be. Particular issues that arose in the BPE programme were sensors being unplugged because participants were concerned about energy consumption, or not realizing they were still in operation.
Another frequently occurring issue was 'survey fatigue' (Porter, Whitcomb, & Weitzer, 2004) . In the longer term (two-year) studies, there were regular visits for interviews or to download data, and in some case the frequency was increased due to problems with equipment, and this became problematic for participants who subsequently withdrew. Requests for more detailed or onerous information such as occupant diaries, were not always completed.
A less clear element of informed consent, but one that is increasingly contentious, is the nature and use of the data and the findings of the study. In post-occupancy evaluation, detailed data may be collected from both the sensing and monitoring and also the occupants themselves, which can be used to build a detailed picture of how the building is performing and the effects that occupancy can have on this. Some of these data will be very sensitive (e.g. environmental conditions in individual rooms such as bedrooms), which can provide an intimate picture of how the house is being used. Anonymization may be possible with large data sets, but this is much more difficult with highly granular data in small numbers of homes, and doing so may undermine the contextual insights that may be gained from the project. Ethical questions that may arise are (1) whether occupants are fully aware of the detail that may be gathered as part of this process; and (2) whether it is clear how and where this information may be disseminated.
Participation in a study may also raise expectations, e.g. of improvements or remedial measures which may not be forthcoming. It is common for participants to request information about the findings of the data, and the study should have a policy for this fact. In one project, although this was not an initial objective, summarized feedback was provided and this became a useful benchmark to evaluate changes in building use and subsequent performance, but some clients have raised concerns that identifying problems may then mandate repairs. The identification of potentially harmful issues may present dilemmas. In several projects, observations of poor ventilation led to specific feedback to occupants to try to improve conditions, but if direct communication with occupants about the findings was not a requirement of the study, this would present researchers with an ethical quandary. A consideration here is whether confidentiality agreements allow the ethical responsibility be passed on, e.g. if the researchers pass on information about possible harm to the client organization, are they relieved of their ethical responsibility and is the client then bound to act on it?
The right to withdraw is also an important concept. For some studies this could present major difficulties, particularly where the numbers are small, and was experienced by a number of projects. In most studies it was generally accepted that the implications of withdrawal were that occupants would not participate in the study any more, but what was less common was an expectation about data that had been collected previously. information is being collected and what it will be used for. In some cases, third-party consent may be achieved, e.g. parents of children or carers. Consent may be required from gatekeeper organizations from whom permission is needed to conduct the research. This is a critical document as it forms the basis of the agreement between the study and the participants.
Confidentiality and anonymity
It is an accepted precept that the individual identity of the participant should be anonymized and any personal information provided in the course of the study be kept confidential, or where this is not possible the participant should be aware of this and what information will be made available.
Anonymity includes protecting the privacy and dignity of the participants.
In normal social surveys where information is collected by interview of survey, data can be quite easily anonymized, and for larger groups of houses where high level data are collected this is relatively simple. However, in smaller developments in which perhaps one or two houses were being investigated, although names and addresses can be removed, it may be possible to identify which houses were included, particularly to the study participants. In single-house studies anonymization is clearly not possible. In reviewing the BPE project reports it was apparent that there was an inconsistent approach to this. There was no reporting of personal data (with the exception of single houses where this was unavoidable, but for which the occupants had necessarily consented). Most had adopted a coding for building types, but others did include data on flat numbers, for example.
Issues of privacy and confidentially also arise in some recorded data, e.g. photographs. It is generally accepted that photographs of participants, except where explicitly agreed, would not be acceptable, but there is less clarity about photographs taken in the home, particularly where these showed personal items, or of the houses themselves which could be used to identify the locus of the study (and by implication the data associated with it).
Data protection
The value of large data sets in research, in particular to develop statistical power, is understood, and in the modern digital world the concept and availability of 'Big Data' (Mayer-Schönberger & Cukier, 2014) has developed rapidly. Indeed, the current challenge is the paucity of large data sets for building performance. However, as the recent Facebook/Cambridge Analytica scandal has shown (Cadwalladr, 2017) , the gathering, use and dissemination of personal data is a contentious issue.
Ethical policies for research generally require researchers to manage data in a manner that does not compromise the personal dignity of the participant or right to privacy through all the collection, storage, analysis and disposal stages of the research.
Until now, most ethical policies would require researchers to comply with statutory dataprotection legislation, such as the Data Protection Act (UK Government, 1998) . However, there have been increasing concerns about access and use of personal data and in response to this new legislation has come into force in May 2018 which will affect how data are gathered, processed, stored and disseminated and will affect ethical policies. The European Union's General Data Protection Regulation (GDPR) (Albrecht, 2016) was approved by the European Parliament in April 2016. As a regulation, it is directly applicable without the need for domestic legislation and it become live in all member states in May 2018. It effectively repeals the Data Protection Act 1998 (DPA) and introduces new legislation regulating the processing of personal data. The GDPR, in many respects, extends the DPA's current position. Whilst the main driver for the legislation is aimed at the increasing harvesting and processing of digital data by large corporations, its implementation will impact on ethical processes insofar as they relate to the collection, storage and, ultimately, deletion of data. It will affect all organizations collecting data, irrespective of whether they have ethical policies. It is attracting attention due to the punitive nature of fines for transgression, i.e. up to the greater amount of 2% of annual global turnover or €10 million and higher fines up to €20 million for more serious breaches.
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In the GDPR 'personal data' means any information relating to an identified or identifiable natural person ('data subject'); an identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. The identifiable definition is emphasized here. In the case of BPE studies, whilst it is normal to remove personal information, as noted above, robust anonymization may be difficult.
However, it is entirely reasonable for researchers to have access to and to process personal data and both the DPA and GDPR provide a 'legitimate interest' basis on which to gather and process such information and a justification of this is a requirement of an ethical review. However, from the perspective of BPE studies, having the requirements and constraints of the GDPR embedded in an ethical policy protects both the participants and the organization conducting the study. The GDPR requires a clear consent protocol and is therefore a strong argument for the development of an ethical standard for BPE studies.
Conclusions
Buildings are occupied by people and it would seem reasonable to expect that the way they are designed and constructed protects their health and wellbeing, and to expect that those actors responsible for designing and the construction of these buildings would routinely assess their performance in use. Unfortunately, this is generally not the case. When such studies are undertaken, the evidence suggests that the regulatory systems and professional standards in place to achieve satisfactory performance may not be entirely fit for purpose. Business as usual does not easily fit with the need for innovation.
If building design professionals want to situate themselves as stewards of the built environment, this entails a responsibility for the performance of the buildings they create. The 23 construction industry, in particular the design professions and their professional bodies, needs to adopt a more rigorous ethical approach to protect the needs of building users. This means adopting a research-driven approach to the generation and synthesis of new knowledge, and the generation of evidence-based design. This is viewed by some as a threat to commercial practice and the status quo. Although professionals believe they are protecting their reputation by avoiding BPE, in fact the opposite is true. A profession that does not routinely protect the needs of its users faces a far more serious existential threat. Given the increasing marginalization of architecture, the need to demonstrate the value of design as a benefit to building users has never been more pressing. To observers from other industries it would seem extraordinary and shocking to see a prevailing culture that knowingly avoids finding problems and improving performance. However, the increasing awareness of performance gaps and the likely risks and liabilities of these are beginning to outweigh inherent barriers, particularly for some client groups such as housing associations and private rented-sector (PRS) clients who have a contractual relationship with building occupants and are also liable for maintenance and repairs. For these groups, outcomes from BPE studies may be a bitter pill, but ultimately good medicine.
There are costs associated with undertaking robust BPE studies. These will include the studies themselves, but also remediation of defects and, over time, of improving standards of design, construction and maintenance. At present, as the construction industry has no inherent capacity (either financial or intellectual) for research activity, this represents 'additional' costs.
However, it can be argued that these costs are small when compared with those for rectifying defects, avoiding risks and liabilities, and are a very small proportion of the actual construction costs and an even smaller proportion of the running costs.
Irrespective of this, an ethical approach makes the need for BPE and its benefits self-evident.
In adopting a 'do no harm' principle, it is clear that that it is better for construction professionals and client organizations to undertake BPE, rather than not. However, if BPE is to become a sound practice (and given that it may be undertaken by this industry), then BPE processes need to be predicated on an ethical and robust practice. An ethical approach would underpin BPE studies, protect the rigour and substance of such studies, as well as protect the interests of study participants. This paper calls for the development of a shared ethical code of conduct that may be adopted by BPE studies. This may sit with technical guidance on project execution, but it is argued that an ethical policy protects the participants as well as the outcomes.
The ethical challenges of BPE are not extreme and can be resolved, but they do require consideration and planning. Some of the dilemmas raised in recent studies may be addressed by its wider adoption. For example, at present as BPE tends to be limited to small studies with selected buildings in which anonymization and aggregation of data is difficult and statistical power is low.
However, with much larger data sets, more statistically reliable data may be obtained and better characterization may be obtained with reliable anonymization. All organizations collecting personal data will need to comply with legislation (e.g. in the European Union the GDPR) and this may be a good opportunity to integrate an ethical policy into BPE processes and outcomes.
